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40 years of total resin
extract — useful informa-
tion from A to X (Part 1)

HOP EXTRACTION | Along with pellets and CO, extracts, total resin
extract (formerly referred to as ethanol extract) has proven itself

to be a valuable hop product in the production of beer for decades.
In this two-part series, the properties of total resin extract are pre-

sented in alphabetical order and the latest research findings are

included where applicable.

100 YEARS BEFORE hop pellets were on
the market, the first hop extracts were al-
ready being produced in the middle of the
19th century (refer to the timeline in the in-
fo box). However, the techniques employed
in the early days, such as the application of
steam, give the impression that the quality
of the extracts obtained back then would
leave much to be desired and would be a far
cry from the quality available today.

The goal of sustainable hop extraction is
the quantitative, yet gentle, recovery of the
bitter substances in addition to the essential
oils from the plant material. For along time,
methylene chloride (dichloromethane) was
the preferred solvent. Due to its selective
nature, all of the other hop constituents re-
main in the residue after extraction. Anoth-
er advantage is its low boiling point (40 °C);
the resultant low energy costs made the
extraction process economical. In addition,
there is no danger of combustion or explo-
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sion with methylene chloride. Inresponse to
increasing concerns regarding its toxicity, it
wasreplaced over a very short period of time
in the early 1980s by two natural solvents
that are already present in beer: alcohol
(ethanol) and carbon dioxide (CO,).

While gaseous CO, has to be compressed
in atechnically complex manner when used
as an extraction agent in the liquid (or su-
percritical) phase, alcohol posed different
challenges for its application in this process:
its polarity (i.e., good miscibility in water)
and its relatively high boiling point (78 °C).
Solutions were found for both issues, and
consequently total resin extract has been
available for over 40 years on the market.
These key aspects of this product, from A (as

inalcohol) to X (asin xanthohumol), are de-
scribed in greater detail in this article series.

I Alcohol

In the production of total resin extract, al-
cohol (ethanol) is used as a solvent. The ex-
traction process is outlined briefly in fig. 1:
Whole hops (dried hop cones) serve as the
raw material for this process. The extrac-
tion is continuous and is carried out in a
countercurrent manner with a mixture of
alcohol and water (in a ratio of 90 to 10 by
volume) using a percolation process.

The solvent is then evaporated under a
vacuum. This lowers the high boiling point
of the alcohol. The extracted substances
can be completely separated into two phases
using a centrifuge after the alcohol has been
removed.

The by-product of the extraction is the
“tannin extract” (the polar phase contain-
ing the water and all water-soluble hop
constituents) while the main product is the
“total resin extract” (non-polar phase con-
taining the bitter compounds and essential
oil from the hops). This fraction, also known
as pure resin extract, is quite similar to the
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Fig. 1 Schematic diagram for the production of total resin extract
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extracts obtained in the past with methyl-
ene chloride or to modern-day extracts pro-
duced using CO,.

However, the pure resin extract obtained
with alcoholisnow called total resin extract.
This change is due to the recent scientific
discovery regarding the positive contribu-
tion of hard resins to beer bitterness, which
areonly presentin thisextractand notinthe
extract produced using CO, [1].

The alcohol used for extraction origi-
nates from fermentation processes. After
extraction and evaporation are complete,
the solvent is recovered through condensa-
tion and then re-enters the extraction cycle.
Since even dried whole hops still contain
around ten percent water, dilution of the
solvent takes place during the production
process, making a prior rectification neces-
sary.

IBitter substances: yield

The primary objective of all hop extraction
processes is to transfer the alpha acids from
the hops to the extract at an overall yield
of 95 percent. This is also achieved in the
production of total resin extract. Moreover,
compared to other hop extracts on the mar-
ket today, the fact that the complete spec-
trum of bitter substances is present in total
resin extract is a unique selling point.

IChlorophyll

A characteristicfeature of total resin extract
is its dark green appearance. This is due to
the extraction of the chlorophyll, a pigment
found in the hop leaves. By contrast, this
green pigmentiseither notextracted or only
partially extracted with CO,. Therefore, its
appearance is dependent upon the extrac-
tion parameters. Extracts prepared with
liquid CO, are yellow in color, with darker
colors resulting from higher temperatures
and pressures due to the co-extraction of a
portion of the leaf pigments.

Differences compared to
CO, extract

In addition to the difference in color, there
are other differences between total resin ex-
tract and CO, extract. The proportions of all
of the fractions in the whole hops relevant
for beer production compared with various
hop products areillustrated in fig. 2:

In the production of type 90 pellets (hop
powder milled and then pressed into gran-
ules), 100 percent of the tannins and all
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Fig. 2 The composition of hop products compared to dried whole hops
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of the bitter substances are transferred to
the product. There are only minor losses
of highly volatile compounds (mainly
myrcene) from the hop oil, which may occur
during the subsequent drying of the hopsin
preparation for processing or later during
pelletizing.

On the other hand, more tannins are lost
withenriched pellets (type 45), because part
of the hopleaf fraction is separated from the
lupulin glands of the hops. These losses de-
pend upon the degree of enrichment, i.e., on
the achieved and targeted ratio of the lupu-
lin to the leaf fractions.

In total resin extract, the tannins have
been completely eliminated, but all of the
resin fractions (bitter substances) are re-
tained. The volatile compounds foundin the
essential oils are lost to a certain degree dur-
ing the evaporation of the solvent.

Finally, CO, extraction removes not only
the tannins but also the hard resins (even
under very high pressure, only slight traces
are extracted, while at low pressure, por-

tions of the unspecific soft resins are not dis-
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glucose and linalool after its release

solved). Since pelletization takes place prior
toextraction with CO,, the balance of essen-
tial oils from the original hop material com-
pared to the final product is not completely
recovered.

The primary difference between total
resin extractand CO, extract is the composi-
tion of the bitter compounds, or more pre-
cisely, of the hard resins.

I Extraction parameters

As mentioned above, whole hops do not
need to be pelletized prior to their extraction
with alcohol but may serve directly as the
raw material. Hop extraction with alcohol
proceeds continuously for 60-80 minutes
at approximately 55 °C (CO, extraction is
a batch process lasting several hours with
extraction occurring in a semi-continuous
manner in multiple extraction vessels). The
subsequentremoval of the solventby means
of falling film evaporation takes only a short
time and is carried out under a vacuum in
order to reduce the boiling point of the al-
cohol (78 °C). At the end of the process, the
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Fig. 4 Structural formulas of important glycosidically bound polyphenols (constituents of the

hard resin)

alcohol content in the total resin extract is
significantly below 0.5 percent.

IFilling station for hop extracts

After extraction, the hop extract is collected
in large tanks fitted with agitators. After
homogenization at 40—50 °C, the extract is
filled into cans of various sizes (0.5-4 kg),
drums (maximum 200 kg) or containers
(up to 1000 kg), depending upon custom-
ers’ specifications. Filling in cans is done on
the basis of kilograms of extract by weight
or by kilograms of alpha acids (in this case,
the alpha acid content of a homogenized
batch of hop extract is determined by labo-
ratory analysis prior to filling).

IGlycosides

Many aroma compounds and polyphenols
are foundin hops, not only in their unbound
form but also as glycosides, i.e. bound to a
sugar molecule (e.g. glucose); refer to fig-
ures 3 and 4.

Terpene alcohols, such as the well-
known key aroma compound linalool, are
also introduced into the brewing process
as glycosides when the hops are added.
Enzymatic or chemical reactions occur-
ring later, during the fermentation or la-
gering processes, can result in the cleav-
age of these compounds from the sugar
molecules, allowing the free forms of the
compounds to make a contribution to beer
aroma. The transfer of linalool glucosides
and other glycosidically-bound hop aro-
ma compounds occurs only in pellets and
total resin extracts but not in CO, hop ex-
tract[2].

Furthermore, flavonols, such as querce-
tin and kaempferol are present in hops, both
in their free forms and as glycosides, while
multifidols, as they are known, have to date
only been detected bound to glucose. The
importance of these polyphenol glycosides

forbeer production will be discussed in more
detail in the next section.

IHard resins

By definition, hard resins are more polar
than soft resins (which consist largely of
alpha and beta acids). In the Wollmer frac-
tionation method, hard resins only dissolve
in methanol but not in hexane, while soft
resins are soluble in both.

Until just a few years ago, the hard res-
ins fraction was viewed in a rather negative
light, or atleast it was not considered partic-
ularly important for beer production. Since
their content increases as hops age during
storage, without studying the individual
chemical structures in more detail, it was
assumed that they were mainly oxidative
degradation products of the alpha and beta
acids.

In the meantime, however, it has been
proven without a doubt that a distinction
must be made between the native hard
resins originally present in fresh hops and
the hard resin compounds that form in the
period during which hops are stored under
exposure to air. It was confirmed that oxida-

tion of the soft resins also occurs during this
time. Nevertheless, these transformation
reactions first tend to take place on a larger
scale only under drastic conditions (in-
creased temperature, long storage period)
and do not occur in hop products packaged

under an inert gas atmosphere [3].

By contrast, the native hard resin frac-
tion does not consist of oxidation products
but of the plant’s own polyphenol com-
pounds, which can generally be divided into
the following two groups:

B polyphenols with prenyl side chains,
which are known as prenyl flavonoids
(approximately 30 substances);

B phenolic acids (esters) and polyphenols
bound to sugars as described above (ap-
proximately 10 compounds).

From a quantitative perspective, xan-
thohumol is the primary constituent in the
hard resin of each hop variety. Xanthohu-
mol is converted to isoxanthohumol during
wort boiling in the brewery. In addition, nu-
merous other prenyl flavonoids with similar
molecularstructures have been identified in
hops.

A positive contribution to beer bitterness
has since been attributed to the native hard
resins, both quantitatively and qualitatively,
asshown by extensive trials during research
performed at the Chair for Food Chemistry
and Molecular Sensory Science at the TU
Miinchen under the direction of Prof. Hof-
mann [4, 5]:

Nearly 40 individual polyphenol com-
pounds with a bitter flavor were identified
in the hard resin and their occurrence was
confirmed in 75 different hop varieties from
all over the world.

These compounds are introduced with
the hop addition either directly in the

Timeline for the development of hop products

* 1860-1870: the first patents were issued for hop extraction (with steam or alcohol

mixtures)

® 1960-1970: the first patents were issued for the compression of milled hop powder

into pellets

e 1965: firstindustrial production of a liquid isomerized hop extract
e until 1980: methylene chloride was the preferred solvent for hop extraction in Ger-

many

* 1979: the firstindustrial hop extraction was performed with liquid CO, (5-15°C,

60-65 bar) in England

* 1980: the firstindustrial hop extraction was performed with supercritical CO, (40-

60°C, 200-250 bar) in Germany

e 1981: a patent application was submitted in Germany for the production of total
resin extract using an alcohol/water mixture
® 2020: the firstindustrial hop extraction was carried out with supercritical CO, at 500

barin Germany
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brewhouse or can be detected subsequently
aftertransformationshaveoccurred atsome
point in the brewing process. In some cases,
they are only present in very low concentra-
tions and usually below the sensory percep-
tion threshold. Nevertheless, the hard resin
fraction can influence the bitterness of beer
through its additive effects, which stems
from this multitude of compounds, since
they interact with the same human recep-
tors for the perception of bitterness.

By conducting a recombination experi-
ment, it was finally possible to prove that af-
ter the stepwise addition of individual sub-
stances to a non-hopped base beer serving
as control, it was only possible to achieve the
characteristicintensity of the bitternessin a
pilsner as well as the “authentic perception
of bitterness” through the combination of
iso-alpha acids and all of the individual con-
stituents in the hard resin fraction.

It was also observed that both the prenyl
flavonoids as well the polyphenols bound to
sugars in the hard resins are not only trans-
ferred to pellets during hop processing but
also to the total resin extract. By contrast,
commercial CO, extracts donot contain any
substances from the hard resin fraction.

Research focusing on the important in-
dividual constituents of hard resins has
served to expand and deepen the knowledge
about these substances and their role in
beer. Dry hopped beers have been analyzed
together with numerous international hop
varieties from several crop years and in the
form of various hop products [6, 7]. It has
been confirmed that hard resins are not ex-
tracted by CO,. This was the case until just
recently, when pressures up to a maximum
of 300 bar were prevalent in the large-scale
extractionof hops.Now, however, thereisan
extraction plant capable of hop extraction
at much higher pressures, up to 500 bar.
This was first reported in 2020 [8]. The fol-
lowing statements were made in that pub-
lication:

B Substances can be extracted with CO, at
500 bar which are insoluble at 300 bar.

M Besides containing more chlorophyll —
the extract is “greener” —, the extracts
are slightly richer in xanthohumol and
contain more positive auxiliary bitter
substances from the hops.

B The extract yield based on the quantity
of pellets is almost 1 % higher at 500 bar
than at 300 bar.

Thus, although compounds found in
the hard resin fraction are only present
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in small quantities, this new CO, process
now produces extracts which are some-
what closer in composition to total resin
extract.

The second part of this article will be
published in BRAUWELT International is-
sue 2,2022. |
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